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(54) Positive active material for rechargeable lithium battery and method of preparing same 



(57) A positive active material for rechargeable lith- 
ium batteries includes an active material component 
processed from a manganese-based compound. The 
transition metal compound is selected from Li x Mn0 2 , 
Li x MnF 2 , Li x MnS 2 , Li x Mn0 2 _ z F z , Li x Mn0 2 _ z S z , Li x Mn 1-y 
M y 0 2 , Li x Mn 1 . y M y F 2 , Li x Mn 1 . y M y S 2 , Li x Mn-,. y M y 0 2 . z F z , 



Li x Mn 1 . y M y 0 2 . 2 S ZJ Li x Mn 2 0 4 , Li x Mn 2 F 4) Li x Mn 2 S 4 , 
Li x Mn 2 0 4 . z F Zj Li x Mn 2 0 4-z S Z) Li x Mn 2-y M y 0 4 , Li x Mn 2 , y 
M y F 4 , Li x Mn 2 _ y M y S 4 , Li x Mn 2 „ y M y 0 4 . z F 2 or Li x Mn 2 . y M y 
°4-z s z where 0<x<1.5, 0.05<y<0.3, z<1.0 and M is se- 
lected from Al, Co, Cr, Mg, Fe or La. A metallic oxide is 
coated on the active material component. 



FIG.1 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

[0001] The present invention relates to a positive ac- 
tive material for rechargeable lithium batteries and a 
method of preparing the same and, more particularly, to 
a manganese-based positive active material for re- 
chargeable lithium batteries which has a good cycle life 
characteristic, 

(b) Description of the Related Art 

[0002] Generally, manganese-based compounds 
such as LiMn 2 0 4 and LiMn0 2 are the positive active ma- 
terial of choice for rechargeable lithium batteries be- 
cause of their low cost, abundance and environmentally 
friendly characteristics. Among such manganese-based 
compounds, LiMn 2 0 4 is particularly stable for the bat- 
tery use and thus attractive for the electric vehicle ap- 
plication. 

[0003] However, as compared to other lithiated tran- 
sition metal oxides such as LiCo0 2 and LiNi0 2 , LiMn 2 0 4 
has a relatively low discharge capacity. Furthermore, 
when high rate of charge and discharge operations are 
cycled, the discharge capacity is excessively reduced. 
In particular, when the charge and discharge operations 
are continuously performed at high temperatures, man- 
ganese distributed in the surface of UMn 2 0 4 readily 
elutes to the electrolyte, causing a disproportionation re- 
action. This reaction seriously deteriorates the cycle life 
characteristic of the battery. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to pro- 
vide a manganese-based positive active material for re- 
chargeable lithium batteries which exhibits a good cycle 
life characteristic at high temperatures. 
[0005] This and other objects may be achieved by a 
positive active material for rechargeable lithium batter- 
ies including an active material component processed 
from a manganese-based compound. The manganese- 
based compound is selected from Li x Mn0 2 , Li x MnF 2 , 
Li x MnS 2 , Li x Mn0 2 „ z F z , Li x Mn0 2 _ z S z , Li x Mn 1 . y M y 0 2 , Li x 
Mn Vy M y F 2 , Li x Mn 1-y M y S 2 , Li x mn 1 . y M y 0 2 . z F z , L^Mn^ 
M y 0 2 . z S z , Li x Mn 2 0 4> Li x Mn 2 F 4 , Li x Mn 2 S 4 , Li x Mn 2 
0 4 . Z F Z> Li x Mn 2 0 4-z S zs Li x Mn 2 . y M y 0 4 , Li x Mn 2 „ y M y F 4 , 
Li x Mn 2 . y M y S 4 , Li x Mn 2 . y M y d 4 „ z F z , or Li x Mn 2 _ y M y 0 4 . z S z 
where 0<x<1.5> O.OS^O.S, z<1.0 and M is selected 
from Al, Co, Cr, Mg, Fe or La. A metallic oxide is coated 
on the active material component. 
[0006] A method of preparing the positive active ma- 
terial is performed by obtaining a powder from a source 
material. The source material is selected from Li x Mn0 2 , 
Li x MnF 2 , Li x MnS 2 , Li x Mn0 2 . 2 F 2 , Li x Mn0 2 . 2 S z , Lynn^y 



M y 0 2 , Lymnj.yMyFa, L^Mn^M^, Li x Mn 1 . y M y 0 2 . 2 F ZJ 
Li x Mn 1 . y M y 0 2 . z S Z) Li x Mn 2 0 4 , Li x Mn 2 F 4 , Li x Mn 2 S 4 , 
Li x Mn 2 0 4 . z F 2 , Li x Mn 2 0 4;Z S 2> U x Mn 2 .. y M y 0 4 , Li x Mn 2 . y 
M y F 4 , Li x Mn 2 . y M y S 4 , Li x Mn 2 . y M y 0 4 . z F 2i or Li x Mn 2 _ y 

5 M y 0 4 _ 2 S 2 , where 0<x<1.5, 0.05<y<0.3, z<1.0 and M is 
selected from Al, Co, Cr, Mg, Fe or La. The powder is 
then coated with a metallic alkoxide solution to make an 
alkoxide-coated powder. Thereafter, the metallic alkox- 
ide-coated powder is heat-treated such that it is 

to changed into a metallic oxide-coated powder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] A more complete appreciation of the invention, 
is and many of the attendant advantages thereof, will be 
readily apparent as the same becomes better under- 
stood by reference to the following detailed description 
when considered in conjunction with the accompanying 
drawings, wherein: 

20 

Fig. 1 is a graph illustrating high-temperature 
charge and discharge characteristics of rechargea- 
ble lithium cells according to an example of the 
present invention and a comparative example; 
25 Fig. 2 is a graph illustrating high-temperature cycle 
life characteristics of the rechargeable lithium ceils 
of Fig. 1; and 

Fig. 3 is a graph illustrating SIMS analysis results 
with respect to a rechargeable lithium cell according 
30 to another example of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] In a method of preparing a positive active ma- 

35 teriai for rechargeable lithium batteries, a powder, being 
an active material precursor, is first processed from a 
manganese-based compound. The manganese-based 
compound is selected from Li x Mn0 2 , Li x MnF 2 , Li x MnS 2 , 
Li x Mn0 2-2 F z , Li x Mn0 2 . z S 2 , Li x Mn 1 . y M y 0 2 , Lynn-,^ 

40 M y F 2 , Li x Mn 1 . y M y S 2 , Li x Mn 1 . y M y 0 2 „ z F z , L^Mn^yMy 
0 2 _ Z S Z , Li x Mn 2 0 4 , Li x Mn 2 F 4 , Li x Mn 2 S 4 , Li x Mn 2 0 4 . 2 F z , 
Li x Mn 2 0 4 _ 2 S z , Li x Mn 2 . y M y 0 4 , Li x Mn 2 . y M y F 4 , Li x Mn 2 . y 
M y S 4 , Li x Mn 2 _ y M y 0 4 . z F z , or Li x Mn 2 . y M y 0 4 _ z S z , where 
0<x<1,5, 0.05<y^0.3, z<1.0 and M is selected from Al, 

45 Co, Cr, Mg, Fe or La. The powder processing step can 
be performed with a technique known in the related art. 
[0009] Thereafter, the powder is coated with a metallic 
alkoxide solution. The metallic alkoxide solution is 
formed by the reaction of an alcohol with an alkali metal 

50 being 1 to 50 weight percent of the alcohol. The alkali 
metal may be preferably selected from Mg, Al, Co, K, 
Na, Ca, Si, Ti or Sr. More preferably, the alkali metal is 
selected from Si, Mg, Ti or Al. The alcohol is preferably 
selected from methanol or ethanol. When the alkali met- 

55 al is less than 1 weight percent of the alcohol, the coating 
effect of the metallic alkoxide solution onto the powder 
is not induced. In contrast, when the alkali metal is more 
than 50 weight percent of the alcohol, the coating layer 
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of the metallic alkoxide solution becomes undesirably 
thick. A sputtering technique, a chemical vapor deposi- 
tion (CVD) technique, a dip coating technique and other 
general-purpose coating techniques may be employed 
for the coating use. Among the techniques, the dip coat- 
ing technique may be preferably used for coating the 
metallic alkoxide solution onto the powder. 
[0010] The alkoxide-coated powder is then dried at 
120°C for about 5 hours in an oven. The drying step is 
to uniformly distribute lithium salts in the powder. There- 
after, the dried powder is heat-treated at temperatures 
ranged from 200 to 1000°C for 1 to 20 hours under an 
oxidation atmosphere where dry air or oxygen is blow- 
ing. When the heat-treating temperature is lower than 
200°C, the metallic alkoxide solution coated on the pow- 
der is not crystallized so that it prohibits free movement 
of lithium ions in the active material. It is preferable that 
the heat-treating step is performed at temperatures 
ranged from 300 to 900°C for 1 to 10 hours. This heat- 
treating operation makes the metallic alkoxide to be 
changed into a metallic oxide. In this way, a metallic ox- 
ide-coated active material is prepared. 
[0011] The metallic oxide formed on the surface of the 
power may be derived from the single metallic alkoxide 
source or the composite sources of manganese of lithi- 
ated transition metal compound and metallic alkoxide. 
The thickness of the metallic oxide layer reaches up to 
1 to 100nm and the quantity of metal content is ranged 
from 0.1 to 10 weight percent of the metallic oxide. 
[0012] The following examples further illustrate the 
present invention. 

Example 1 

[0013] An aluminum isopropoxide solution having a 5 
weight-percent concentration was prepared by refluxing 
an aluminum isopropoxide powder in ethanol at about 
100°C for about half an hour. The aluminum isopropox- 
ide solution was then mixed with a powder of 
Li x Mn 2 . y Al y 0 4 . z F z where 0<x<1.5, 0.05<y<0.3 and 
z<1 .0 at an identical volume ratio in a moisture free dry 
room such that an overall surface of the power became 
wet sufficiently by the solution, and dried in the same 
room. Thereafter, the mixture was heat-treated at about 
300°C for about 1 0 hours under a dry air atmosphere to 
thereby prepare a metallic oxide-coated active material. 
Then, the active material was mixed with Super P car- 
bon for a conductive agent, KF-1 300 polyvinyiidene flu- 
oride for a binder and N-methylpyrrolidone for a solvent 
to prepare an active material slurry. The slurry is cast 
into a tape shape to act as a positive electrode. The pos- 
itive electrode is then assembled with a lithium metal foil 
for an opposite pole by using a lithium salt solution for 
an electrolyte to thereby fabricate a coin cell-type half 
cell. The lithium salt solution contained 1:1 volume ratio 
of ethylene carbonate and dimethyl carbonate for a sol- 
vent and LiPF 6 for a solute. 



Example 2 

[0014] The positive electrode preparing procedure 
was performed in the same way as in Example 1 with 
5 the exception that the heat-treating temperature was 
heightened up to 900°C. A coin-type half cell was fabri- 
cated with the resulting positive electrode in combina- 
tion with other components as described in Example 1 . 

10 Example 3 

[0015] An aluminum isopropoxide solution having a 5 
weight-percent concentration was prepared by refluxing 
an aluminum isopropoxide powder in ethanol at about 
100°C for about half an hour. The aluminum isopropox- 
ide solution was then mixed with a powder of Li x Mn 2 0 4 
where 0<x^1 .5 at an identical volume ratio in a moisture 
free dry room such that an overall surface of the power 
became wet sufficiently by the solution, and dried in the 
same room. Thereafter, the mixture was heat-treated at 
about 300°C for about 10 hours under a dry air atmos- 
phere to thereby prepare a metallic oxide-coated active 
material. The subsequent positive electrode processing 
steps were performed in the same way as in Example 
1 . A coin-type half cell was fabricated with the resulting 
positive electrode in combination with other compo- 
nents as described in Example 1 . 

Comparative Example 1 

[0016] The positive electrode preparing procedure 
was performed in the same way as in Example 1 with 
the exception that U x Mn 2-y A! y°4-zFz was directly used 
for the active material without the metallic-alkoxide coat- 
ing operation. A coin-type half cell was fabricated with 
the resulting positive electrode in combination with other 
components as described in Example 1. 
[001 7] The coin type cells fabricated according to Ex- 
ample 1 and Comparative Example 1 were charged and 
discharged at 50° C from 0.1C to tC rate over the volt- 
age window between 4.3V and 3.0V. The charge and 
discharge characteristics of the cells in the early cycles 
were illustrated in Fig. 1. Further, the cycle life charac- 
teristics of the cells were illustrated in Fig. 2. In each of 
the figures, the charge and discharge characteristic of 
the cell according to Example 1 is indicated by a paren- 
thesized alphabetic symbol "(a)" and that of the cell ac- 
cording to Comparative Example 1 is indicated by an- 
other symbol "(b)". As shown in Figs. 1 and 2, the cell 
according to Example 1 exhibited a slightly lower spe- 
cific capacity but a better cycle life characteristic at high 
temperatures than the cell according to Comparative 
Example 1 . It is presumed that the good cycle life char- 
acteristic of the ceil is resulted because the metallic ox- 
ide layer coated on the surface of the manganese-based 
active material component prevents elution of manga- 
nese to the electrolyte. The cells fabricated according 
to Examples 2 and 3 also exhibited the desired perform- 
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ance characteristic similar to that of Example 1 . 5. 
[0018] Meanwhile, a secondary ion mass spectrome- 
try (SIMS) analysis was performed with respect to the 
positive active material prepared according to Example 
3 to measure the component distribution ratio. The re- s 
suit was illustrated in Fig. 3. in the figure, the relative 
intensity of the aluminum component is indicated by a 
parenthesized alphabetic symbol "(a) n and that of the 
manganese component is indicated by another symbol 
"(b)". As shown in Fig. 3, it could be known that the alu- 10 
minum component existed more in the surface portion 
of the active material and the manganese component 
existed more in the center portion of the active material. 
This proved that the overall surface of Li x Mn 2 0 4 was 
completely coated with aluminum oxide. is 
[0019] As described above, the positive active mate- 
rial for rechargeable lithium batteries has a good high- 
temperature cycle life characteristic. 
[0020] While the present invention has been de- 
scribed in detail with reference to the preferred embod- 20 
iments, those skilled in the art will appreciate that vari- 
ous modifications and substitutions can be made there- 
to without departing from the spirit and scope of the 
present invention as set forth in the appended claims. 6. 

25 

Claims 



A method of preparing a positive active material for 
rechargeable lithium batteries, the method compris- 
ing the steps of: 

obtaining a powder from a source material, the 
source material being selected from the group 
consisting of Li x Mn0 2 , Li x MnF 2 , U x MnS 2 , 
Li x Mn0 2 . z F z , Li x Mn0 2 _ z S z , Li x Mn 1 .yMy0 2 , 
Li x Mn 1 . y M y F 2> Li x Mn 1 . y M y S 2 , Li x Mn 1 . y M y 0 2 . z 
F z , Li x Mn-,_ y M y 0 2 . z S z , Li x Mn 2 0 4 , Li x Mn 2 F 4 , 
Li x Mn 2 S 4 , Li x Mn 2 0 4 . z F z , Li x Mn 2 0 4 . z S z , Li x 
Mn 2 . y M y 0 4 , Li x Mn 2 _ y M y F 4 , Li x Mn 2 _ y M y S 4 , U x 
Mn 2 . y M y 0 4 . z F z , and Li x Mn 2 . y M y 0 4 . z S z where 
0<x<1.5, 0.05<y<0.3, z<1.0 and M is selected 
from the group consisting of Al, Co, Cr, Mg, Fe 
and La; 

coating the powder with a metallic alkoxide so- 
lution to make an alkoxide-coated powder; and 
heat-treating the metallic aikoxide-coated pow- 
der such that the metallic alkoxide-coated pow- 
der is changed into a metallic oxide-coated 
powder. 

The method of claim 5 wherein the metallic alkoxide 

crtlution ie caiflr>tnri f rnm tho nr^i >k\ nnnnlo^rt/N ^-f c; 

alkoxide, Mg-alkokxide, Ti-aikoxide and Al-alkox- 
ide. 



1. A positive active material for rechargeable lithium 
batteries, the positive active materia! comprising: 

an active material component processed from 
a manganese-based compound, the manga- 
nese-based compound being selected from the 
group consisting of Li x Mn0 2 , Li x MnF 2 , 
Li x MnS 2 , Li x Mn0 2 _ z F z , Li^MnO^S^ L^Mn^ 
M y 0 2 , Li x Mn 1 .yM y F 2f Li x Mn-|_ y M y S 2 , Li x Mn Vy 



M y 0 2 . z F z , 



i-i x Mni.yMy0 2 . z S zl 



Li x Mn 2 0 4 , 



Li x Mn P 



Li x Mn 2 F 4 , Li x Mn 2 S 4 , Li x Mn 2 0 4 . z F z 
0 4-z S z , Li x Mn 2 _ y M y 0 4> Li x Mn 2 . y M y F 4 , Li x Mn 2 . y 
M y S 4 , Li x Mn 2-y M y°4-z F z' and Li x Mn 2 . y M y 
0 4 . Z S Z where 0<x<1.5, 0.05<y<0.3, z<1.0 and 
M is selected from the group consisting of Al, 
Co, Cr, Mg, Fe and La; and 
a metallic oxide coated on the active material 
component. 
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The method of claim 5 or 6 wherein the metallic 
alkoxide solution contains a 1 to 50 weight percent 
of metal component. 

The method of claims 5, 6 or 7 wherein the heat- 
treating step is performed at temperatures ranged 
from 200 to 1000°C for 1 to 20 hours. 



2. The positive active material of claim 1 wherein the 
metallic oxide has a metal component selected from 
the group consisting of Si, Mg, Ti and Al. so 



3. The positive active material of claim 1 or 2 wherein 
the metallic oxide has a thickness ranged from 1 to 
100nm. 

4. The positive active material of claim 2 or 3 wherein 
the metallic oxide has a 0.1 to 10 weight percent of 
metal component. 
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